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PRELIMINARY INVESTIGATION OF rlLAME CORFICURATIONS
FGEMED BY SORIC AND SUBSCRIC HYIROGEN JETS
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Experimentotion wes necessary to estatlish correctnoss of this model as well as to ascexr~

. tedn, asmuing the model to be cerrect, tho mmber of nozzle diameters downstreen to the mass
=ixing phaso. In addition, the diameter and length of the flazme as a funciicn of nozzle dismeter

arnd cond’ticns were studied,

A crude eyperiment was set up to examine the epproximete variation of flame configuration

s bydrogen jet as a functicn of ctegpaticn pressure, density, and nozzle diazeter, This
rrelipirary study was intended to provide en Immediate tentative answer to the testing problem
as well a5 to examine feasibility and value of further model studies.

Experipentel Equirpent
Figure 1 depicts evperimental arrengements, Hydrogen passes through control valves ocut
pest the hester to the exit mozzle. Niirogen was provided for rinsing the syster befare and

after runs. To obtain higher exit velocities the heater was employod in the flow system forward

of the wpward-directed exit nozzle. Stagnotion pressure aheed of the nozzle was determined by
v a head prote situated above the hoater. This pressure wes caxmunicated to a Belse gege on the
ccntrol board. Heater power was menitored by means of a volimeter and an mmmeter rlso located
on the contrel toard, Power imut wes controlled by e variac, An unsuccessfa’ feature of the
syster wes a selt-woter injector installed at the controls., It was heped that the injecter
wouléd rencer the fleme luminous bty ferming small salt particles throuch sprey evaporstion. #&p-
parently, however, most of the sali particles were deposited in the line to the nozzle, and

onlr = soell smount of flame ecleration wes achieved,

Ignitdcn of the bydrogen jet wac achieved by using electricelly hested wires, The vires
were stiached Yo 2 teqmimal bosrd in such a penner thet ignition could bo atteptied at varicus
haights above tho nozzle., The entire board could be moved ur and down, a8z well ce in snd out,

from the nozzle.

Igriiting the hpnirogen jebl proved simple, V-shnped nichroms wires were zituated with the

point in lino with the nozzle edge., Tho hooter wires ware overvelteged 2o thet, after igniddon,

UNCLASSIFIED




b ST T B BT S ATy WA TR R e T TR RN TR Ry e O Ay e e

UNCLASSIFIED

£
k

IGNITION CIRCUIT—"\

N,
NOZZLE—. .
HEAD~-ON PROBE—.__ 1)
\.\"‘4\~{S
HEATER—_
\\\.ég
[ ] No Ci
INJECTOR
® Cg) 3 \
—TANK (2{)
| PRESSURE
GAGE
1]
LN, H, *(:}‘ L'"E'JS}T“GE
i
{BOTTLE 80TTLE
{ LINE VOLTAGE VARIAC
! VIA
| VARIAC
i
{
% STAGNATION
! PRESSURE
i GAGE
: {
| S -

FiIG. 1 -~ SCHEMATIC OF EXPERIMENTAL ARRANGEMENTY




Fii. 2R B o

SRLY T Rk

SRGRA TR

’ | LASSIFIED survoprremmm-

‘&J»%&-’

tray meltod and fell out of the flame, thus avoiding the possidbility of their acting as fleme
helders., 7The hydirogen flame wac pot visible in deylight, although achievement of Lgnition wes

rrarent fron the roaring of the flame.

Ignitions werc accerplished from 1/8 to 6 inches sbove both 1/6~ and 1/16-inch nozzles,
using evcess chamber proscsures of 12, 6, and 3 psi, Rovever, when using the 1/16-3nch nozzle
and an excess chamber presswre of 18 psi, difficulty wes encevntered in achieving o stelle
flsme, Althourh the hot wire ignited the jet, the flame went out as scen ec thie wire melted

ard drorped, YNo further attempts were made to secire a stetle flame.

It shcvld be noted that while the hydrogen jet preved easy to ignite, no spontanecus ig-

niticze occurred. Apperently, the jet tempereture wes in ell cases below the sutcligniticn

temperahure (105000), even though low flcw rates snd bigh hester currenis were exployed.

Flepe Comfigvration and Dimensions

4c merticned in the previocuc section, the hydroger flame was invisitle in daylight, sltbough
dirtertion effects brought about bty the hot burned gases were sgperent, Fleme chbarscteristics
were exenined ty photceraphy at night., A canvas screen was mounted atout the jet stend to reduvce
wing imterference, Photopraphs were obtained by Mr, Dele Fastle of the Opticel Meaturements

Tivizien, 5216, who used two Graflex camerss equipped with remote~cantrol soleroid shutter trig-

!

sme dizensicns and run corditicns ere emmmerated in Table I, A typical {lame photogreph

4]
[

{tlack and white cory of ccleor £ilm negetive) ic shown in Fig. 2. Tsble IY conteins estimated
initial jJet velocities and densities, and mees flow cuputed by twe methods, Corputaticnal

methons, together with scurces of the otvicus discrepancies, are diacresed in ippendix Al

DARCUES ’ usd

Viewed 1n derkness, tuaning wars observed to atert abruptly samo distance above the zozzle,
i irmer cone of untwyned gan wes visitie in the lower portion. Fr-m 4inftis) Muaring 4% ox- |
puried slawly 0 schieve meximm Yreedth which was maintained for a coneiderable length up the
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Stagnation

LKun Pressure Dismoter

Hoa _(pad) . _(in.) . Scal/sec) _ (ina)

Hozale

1/16
1/16
1/16
1/16
1/16
116
1716
1/2

1/¢

1/3

Hoater
Pover

a5
405
245
419

419

O

Table I ~ RUN CONDITIONS AND FLAME DIMINSIONS

Length from

Length from Initial Initilal Flame Maximm Over-All

Nozzle to

Flameo

1o
1.88
1.90
1.4

1.36
0.41
Gl
1.83
1.33
0.39

Flame
Breadth

0,62
0,78
0.68
0.62
0.54
0.27
0.31
0.94
0.78
C,31

to Maximm
Breadth

47
3.13
2.72
3,16
1.36
4407
1,68
YA

A

Vel

Flame
Breadth
{4n.)

1.33
1.4

1.36
1.09
1.19
1.09
1.12
266
218
2012

Flomo
Langth
~dn.) Remaxks
11 Stagnation pressure

7.5 varied during run
7.88  (not plotted)
6.25
6.8
7.6
7.8
>17.5
>18.4,
18,7
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Stegnation Nozzle
Presgure Dismeter
~dnsk)_ Adndd
12 /16
12 1/16
1z RYALY
%) 1/16
O 1/ 16
3 1/16
3 1/16
12 1/8
6 1/8
3 1/8

Table I ~ COVMPUTED NOZZLE EXT! CONDITIONS

Gorputed from Laval Equationy

Heater Masas
Povex Flow
{cal/seg) {em/gec)
0 0,254
215 0,167
405 0,121
215 0.156
419 0,0668
0 0,129
419 0,0358
0 1.015
0 0,725
0 0,510

Exit
Dormigy Veﬁzty
SAenfea) . _ (fps).
0,835007 5,050
0.356:107% 7,750
0.102:1¢™" 10,400
0.329x107" 7,860
0.1°6x10™ 11,000
0.73:0™% 2,900
0.065x107 8,850
0.8350™ 5,050
oum%dd* 3,900
07306107 2,900

Mass Flouw from
Tank Pressure Change

0.21

0,16
0.11
0.16
N.06)
0492
0.4
0.28
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Fig, 2 ~ A Typical Flame

fleme, It then pulled into carplete the visible limit in an indistinct fashkion, At low stag-
nation preasures the shepe was markedly necked down to the bese of the flame, The lowsr porticns
of the flare were light blue while the wwper showed tinges of orange. This flame configuretion
proved very stebles, Viewed from a few feet awgy, no flicker or movement was spparent. o st
tept was rade to measurs the flome tempersture; it was apparent, however, that its maximm wes
in excess of 1350°C, since extraneously placed nichrome heater vires melied in the flane,

Distances Ifrom nozzle to lower flame edge, as well as initial axd maximum flane breadtils,
ere plotted 4in Fig. 3. Distances to the maximm flexms breadth ere plotted in Pig. L. Several
intersziing tronds are revesled here, Flame geametry is chiefly deperdent on excess stagnatiom
presgure, since 4t 1s spparent thet 14 &5 only weakly, if at all, dopsndent ypon extt velceity
or temperstire, ner o3, In eddition, the distoncs to the fiame from the crifios does not soale
with noxzle diamotor, bul seaxs 4o be independent of it. The same sppesrs true of ths initial
flens btrsadih, eepeciaily if the difference in nozale dismeters is taken into socount. Finelly,




FLAME BREADTH AND DISTANCE FROM NOZZLE TO FLAWE {inches)

X - Yie INCH NOZZLE
O ~ Y5 INCH NOZZLE
M - RUN NUMBER

L FLAME BREAOTH

-

9

O \WNITHA '

4 X
X 3

X

5

10
7,10

6 12
EXCESS STAGNATION PRESSURE {psi)
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DISTANCE FROM NOZZILE TO MAXIMUM FLAME BREADTH ({inches)
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‘the maximm dismeter and its distance to the nozzle scales with orilice dismeter within the

lizits of thic experinent; they also show a veak dependence on excess chamber presmure, Distance

the nozzle to the fuzzy {lsme termination has not been plotted. From Table II it is ap-
perent that this quantity does not scale directly with nozzle diareter. Observation of these
trerds, es shown in Figs, 3 amd 4, together with flame photogrephs, suggests that the o’ er
flame boundary is much the same regardiess of stegnaticn pressure, terperature, and, to a certain
extent, crifice dismeler. This is significent in that it indicetes that the fxli-scale test may
be expected to display s coue-shaped flame rather than one suggested by visitle behavior of
chermical rocket exhanst,

Other studies of subsonic jets dealing with velocity concentrations, etc., have ylelded
resulte sinilar to those of thie m:pefriment.z/ While supersonic exhsust is wdoubtedly 2 cem--
plication, mixing along the outer surface is still to be expected; it is this mixing and slowing
action that determines the lower flame boundary and geometry. The range of the present epexi-
mert is too limited to permit wide claims, However, by essuming that the mixing of the supersonic
Set ip similsy, allhough not idemtical, to thet of the subscnic Jet, epproximate full-scale be-
havicr ney be predicted as follews:

1. The distance of the flzme beundary above the nozzle will net scale with diameter, it
vill prove a weex functicn of exdt jet dypemic pressure.

2. The breadth of the lower edge of the flame will te that of the nozzle plus a matter of

3, While nc £5irm basis exdsts for estimating the flame configuwrnticon during the superscnic
phace, the flame can te evpected to expend into a cone after the jet becomés suveonice The total
cone sngle will probebly be somewhat less than thot otserved in this study (13-15 degrees).‘:/

L. IZxpansion into a come will contirnue until a mexdmm bresdth is schieved; the maximm
treadth will scale spproxizately with ordfice diamster and show a wesk depernience on mace
and/or dynanie pressure at the pozrle exdt.

5. Detallod behavicr of the {leme bevord maydimm breadih haz net be dstormined, Quali-

tetivaly, it vould be ewpscted to form a cylinder for some length snd finelly cloze on itselfl
t n hefght which canrol be secdgned Sram this otudy.
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6o nition of the full-scale hydrogen flemeo should prove simple. 4 pilot flame or hot

"

wire situsted a dismeter or more above the nozzle 14p should suffice. Once ignition is schieved,
the flome should maintain itself,

Future Woxl

The werk described herein is preliminery; a clesn-ip phace is needed to refine resuvlis amd
remove the objectionnble features discussed in the appendix. At the same tine the expericont
should be expended to include a wider range of nozzle sizes, fuels (amonia as well ss Mydrogen),

anti stagneticn conxiitions,

Prior to performing an expended eoxperiment, however, assurance of the resulte of model
studies scaling are meeded, Theory and othsr experiments suggest that approximate scaling ia

~

possitles

Case No. 427.14 J. R. BANISTER ~ 5112-1
Jeruery 15, 1957
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APPEXDIX A

In Table I1I there are discrepancies between mass flow retes as determined by changee of
tank pressure and those coputed from theory. These discrepancies, as well as the theorsticel

basis for the computations, are considered in the following paragraphs.

The method of caxputing the mass flow rate from tank preesure changes is straightforvard.

Toe perfect gas law is used to campute the mass of gas used during the timed rum.

Ecuelly streigbtforward is the method of camputing mass flux from stagnation conditions

forward of the nozzl 3/ The leval nozzle equation is used:

Y - (o o]

§ 7
M= A af—ipo %; (1-(-‘;; ) . (1.1)

Here M iz the mass flow rete, A 1s the nozzle area, Y is the ratio of specific heat capecitors,

P_ is stagnstion pressure, 0 is stagnation density, and P 4s ambienl pressure, This equatlon

a0

i .

-~ V.-l
.p—- > e
PooArtl ¢

In thiza erporiment stagmaticn prezmure was mezsursd; stagmation tempereture and densily
vere not, If po heater pover 1s fipplisd, stagmation temperaturs is anblent (291°K), If 1t 48
psmmed that g1l of the power supplicd 4o the heater appears in hesting of the gas stream, the

stammation temporature may be coputed by 8 capurisen with an oquivalent no power condition,

L4 — n .
K = 3 (A.2)
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Hore, ."1 15 the mass flow at the elevated temperature, H is heater power supplied, (':p io the
spocific heat gt constant presmure, To 1 tho ambiemt teperature, and Ho is the nass flow rate
at acbient tecperature. Equation A.2 may be derived using Eq A.1 along with the perfect gas law

and the encrgy conservation equation

A TCle = H , {4.3)

whers AT is teporature rise above ambient. Exit velocitiss, temperature, ste., may be com-
puted by ssmuming the flow to be isemtropic. The procedure is described in all standard texts.

The discrepancies of Table II arise from three sources: experizental errors, heat locses
from the gas strean which invalidate, for‘la'.:er flow rates, the use of Fgs 4,2 and A3, and tbe
fact that the nozzles were designed for constructicnal expedisnce rather than for perfect per-
formonce. This last factor is particularly evident in the 1/8-inch nozzle resulis., This indi-
cates that the proper value of 4 in Eg A.1 is not known, since a venturi constrictict is formed
whieh limits the effective nozzle area to less than that of the physical opening. These error

sources can be reduced by using tetier nozzles and heat insulaticn. Sinece scme heat loass is

foctive ot taperatures,




1.

2.
3

X
3
i
il

mfﬁmDn

Uiy iduﬂﬁ&

«-Jv

REFERENC

Budscz, C. Ce, An E5timate of Thermel Flux from the Jet of a Propoged Mucloar Rocket Fngine,
Sandia Corporation TH-277-56-51, August 30, 1956.

Pai, S., Fluid Dynamdcs of Jets, Van Nostrand Comparyy, New York, July 1954.
Licpnann, H. W. and Puckett, A. E., Aerodmanics of e Corpressible Flyid, Joha Wiley and

o~ I
Wwasdidy ke

Sons, Inc., New Terk, Jemwry 1947.




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15

